The effects of four different pre-operative feeding regimens were studied in 123 children below the age of one year presenting for surgery. Plasma glucose concentrations, blood acid-base values, gastric volume and gastric pH were measured before and after induction of anaesthesia. No patient was found to be hypoglycaemic and there were no significant differences in plasma glucose concentration and acid-base values between the groups. No correlation was demonstrated between the age and weight of the patients and the duration of fasting and the plasma glucose concentration. There was a significant elevation of plasma glucose concentration in all four groups after induction of anaesthesia (P<0.001) compared with the pre-induction level which is a reflection of the stress of blood sampling and induction of anaesthesia. Infants less than three months of age in the milk-feed group had a significantly higher gastric volume with low pH (P<0.05) signifying a potentially greater risk of pulmonary acid aspiration. The practice of timing the last pre-operative feed in infancy according to the infant's normal feeding pattern does not appear to [ncrease the risk factors for pulmonary aspiration, if milk is avoided.
be used rather than blood glucose estimation. 12 Since the water content of whole blood is approximately 15070 less than serum and glucose is not completely equilibrated between red cell water and serum, plasma glucose levels are in general 14% higher than blood glucose estimations. 13 These studies 2 • ll have looked at children between the ages of five months and fifteen years and the incidence of hypoglycaemia has varied from zero to 29%. However, the number of children less than one year of age included in these studies was small and there has been no separate analysis of this group although there has been a recent study of 70 children aged from two weeks to twenty-two months which included approximately 55 aged less than one year. 9 Another study investigated 100 children aged less than five years or 20 kg which included 47 children aged less than twelve months.1O Some studies suggested that children below 47 months of age and less than 15.5 kg body weight were more susceptible to hypoglycaemia. 4 Jensen and his colleagues 8 made recommendations for pre-operative feeding in children older than six months of age but recommended further studies to elucidate the effects of pre-operative fasting in infants less than six months old. There is also a difference of opinion as to whether there is any correlation between duration of fasting and the plasma glucose concentration. 3.4.6.8 Pre-operative feeding regimens are des-igned to minimise the incidence of pulmonary aspiration of gastric contents on the one hand and hypoglycaemia on the other. The accepted practice for elective surgery is an eight-hour fast for solids and a four-hour fast for clear liquids for adults and children. '4 ,'5 It is also being questioned in adults whether even a fourhour fast is necessary. 16 In some paediatric centres infants are given milk up to four hours and clear fluids three hours pre-operatively. 17 It has been the practice at this hospital to feed babies pre-operatively with milk three to four hours before elective surgery according to their normal feeding patterns. This policy is to avoid unnecessary stress to babies who tend to become fractious when hungry which increases the anxiety of the attending parents and even Anaesthesia and Intensive Care, Vol. 14 stresses the nursing staff. One of the potential disadvantages of milk as the pre-operative feed is that curds are formed in the stomach which may be regarded as a solid that delays gastric emptying. We decided to investigate the safety of our regimen and to compare it with two other pre-operative feeds with differing energy yields. Poly-Joule-6* (caloric value 33.6 kJ/lOml)'8 and 5070 dextrose (caloric value 8.4 kJ/10ml) were selected for this purpose. Poly-Joule-6 (Caloreen is the U.K. equivalent) is a glucose polymer with an average chain length of approximately six glucose units. It is glutenand lactose-free, has a bland taste and is presented as a white powder which dissolves readily in water. Poly-Joule has a lower osmotic activity -a 10070 solution of Poly-Joule has an osmolarity of 120 mosmolllitre compared with 556 mosmolllitre of glucose solution of similar strength and energy content. It has been demonstrated that the osmolarity of glucose solutions affects the rate of gastric emptying by the action of osmoreceptors in the duodenum, and that these receptors are functional in early infancy. 19 Over 90070 of a 5070 dextrose solution is emptied from the stomach in three hours. 20 We therefore decided to use osmolarities which should be emptied from the stomach at similar rates. The fourth group (Control Group) was included for comparative purposes as many infants are admitted on the day of surgery and thus are not subjected to the usual prescribed pre-operative feeding regimen.
There is a lack of information regarding the duration of pre-operative fasting, hypoglycaemia, and the risk of pulmonary acid aspiration in infants below the age of one year undergoing anaesthesia. 8 The aim of this study was to assess the effects of different feeding regimens on plasma glucose concentration, blood acid-base balance and the volume and pH of gastric aspirate in infants less then one year of age.
PATIENTS AND METHODS
We studied 123 infants between five days and twelve months old who presented for routine morning or afternoon surgery. Patients with feeding problems, gastrointestinal disorders or intravenous fluid therapy were excluded. Written informed consent was obtained from the parents of infants in the study and the hospital Research Ethics Committee approved this study. Patients were randomly allocated into one of four pre-operative feed groups. One group received 20070 Poly-Joule (Poly-Joule Group); the second group received 5070 dextrose (Dextrose Group); the third group received cow's milk (Milk Group). These patients were fed normally up to six hours before their operation and then offered 10 mllkg body weight of the designated pre-operative feed three or four hours before operation depending on the feeding pattern of the individual. The amount ingested was recorded and only those infants taking the full amount were included in the study. A fourth group was included in this study as a control (Control Group). No attempt was made to control this group's feeding regimen, but the routine pre-operative instructions stressed the need for a period of at least four hours' fasting before surgery. The duration of the fasting was recorded.
No premedication was given to any patient in the study. All infants were anaesthetised by the inhalation of halothane in an oxygen-nitrous oxide mixture. Intubation of the trachea was performed when indicated using either deep halothane anaesthesia or intravenous suxamethonium 1-2 mg/kg body weight.
Arterialised capillary blood samples were taken by an experienced laboratory technician immediately before induction of anaesthesia and again five minutes after induction but before surgery commenced. The plasma glucose concentration was measured immediately using aY.S.1. blood glucose analyser (Yellow Springs Instrument Comp. Inc., Yellow Springs, Ohio 45387 U.S.A.), and the acid base state determined by using a Corning 175 blood gas analyser (Coming Medical, Medfield, Massachusetts, 02052 U.S.A.). Immediately after the second blood sample was taken an oro-gastric tube was passed into the stomach. The patient was then turned onto the left side and the stomach contents aspirated as completely as possible by moving the tube and gently compressing the abdomen. The aspirated volume was measured and the pH of the sample determined using Merck Acilit papers pH 0-6 (E. Merck Darmstadt, Germany).
Statistical analysis
The differences between groups were tested by multiple unpaired students' t tests. The differences between pre-and post-induction levels of plasma glucose were tested by paired students' t tests. The correlation between age and blood pH and age and plasma glucose was tested by linear regression. Kendall's Rank Correlation was used to assess any correlation between length of fast in the Control Group and plasma glucose, blood pH and gastric volume. The chi-squared test was used to test the difference in risk of acid aspiration between the groups. P values less than 0.05 were considered significant. Table 2 details the ages, body weights and duration of fasting of the subjects included in this study.
RESULTS

Plasma Glucose
The mean values for pre-induction glucose, post-induction glucose for all groups are shown in Table 3 .
There was a significant difference (P<O.OOI) between the pre-induction plasma glucose and post-induction plasma glucose concentrations in all four feeding groups. There was no significant difference between the mean values of the pre-induction plasma glucose levels in the four groups. The effect of the anaesthetic There was also no correlation between length of fasting in the Control Group and the plasma glucose concentration.
Acid-base
The measured blood pH and PC02 values were converted into 'non-respiratory' pH units. 21 There were no statistical differences between the mean pH of the four groups (Poly-Joule Group 7.38, S.D. 0.03; Dextrose Group 7.37; S.D. 0.03; Milk Group 7.38, S.D. 0.05; Control Group 7.37, S.D. 0.03). There was a negative correlation of pH with age in the Poly-Joule Group ( Figure I ), but no correlation was found between pH and age in the other groups.
There was also no correlation between pH and length of fast in the Control Group.
Gastric aspirate:
The volume of gastric aspirate and the pH of the aspirate are shown in Table 4 .
There was no significant difference in the number of patients with a pH below 2.5 in the four groups. There were twice as many patients in the Milk Group as in any other group with a residual gastric aspirate in excess of 0.4 mllkg, and eight of these ten patients (six of them under three months of age) also had a gastric pH of less than 2.5. This difference was significant (P<0.05).
Infants Under Three Months of Age:
Separate analysis of the data for infants below three months of age shows no significant difference in the plasma glucose or 'nonrespiratory' pH between the groups.
The gastric volume and gastric content pH for infants less than three months is shown in Table 5 . As pointed out above, six of the eight patients in the Milk Group with increased risk factors for pulmonary acid respiration were under three months, and represent half of the total risk at all ages, in all groups.
Timing of Feeds:
There were 48 infants who were fasted for less than 240 minutes (Table 6 ).
In 25 of the infants in this group no gastric aspirate was obtained. There were nine infants with both a gastric aspirate volume in excess of 0.4 mllkg and a pH less than 2.5 with five subjects in this group in the Milk Group. A further analysis of infants fasted for less than 180 minutes yielded ten infants with five Dextrose  Milk  Control  Total   29  31  33  123  14  17 20 64 0-0.77 0-1.66 0-1.5 4 showing zero gastric aspirate, two with a gastric aspirate volume greater than 0.4 mllkg, two with a gastric pH less than 2.5 and one patient with both a low gastric pH and high volume. DISCUSSION We found no infants with plasma glucose concentrations in the hypoglycaemic range. Even the prolonged fasting in some infants in the Control Group did not result in hypoglycaemia ( Table 2 ). In common with studies of older children 2 • 6 • 8 • 9 there was no correlation between age, weight or ,duration of the period of fasting and the plasma glucose concentration. There were no significant differences in the plasma glucose concentrations between infants receiving the different pre-operative feeds. Thus a high energy feed such as Poly-Joule has no greater benefit than milk or a 5070 glucose solution in infants before operation.
Induction of anaesthesia may affect plasma glucose or blood acid-base values and it was therefore decided to compare blood samples collected before induction and five minutes after induction of anaesthesia. Previous studies have collected blood samples at various times after induction of anaesthesia (Table 1) . Our results demonstrate a statistically significant mean rise of 0.4 mmolllitre between the preand post-induction plasma glucose. This may be accounted for by the stress of handling the infant during pre-induction sampling or induction of anaesthesia which may have increased circulating levels of catecholamines. The progressive rise of mean plasma glucose related to induction of anaesthesia, tracheal intubation and tracheal intubation facilitated by suxamethonium suggests a progressive stress that these manoeuvres impose on babies. Nilsson et al. 9 have reviewed the causes of this glycaemic response and have shown that it continues throughout the operative and into the postoperative period. The fact that there was such a rise suggests that these infants have a reserve of glucose which can be mobilised if required. Premedication may, however, reduce this glycaemic response to the stress of induction, although Allison et al. 1 reported that 20 children who had received no trimeprazine premedication showed no difference in either plasma glucose or alanine concentration from those children who had received it. It is interesting to speculate that studies performed on blood sampled after a 'stormy' induction of anaesthesia may have given misleadingly high readings which would not accurately reflect the effect of fasting on the plasma glucose concentration.
The non-respiratory pH is accepted as an accurate reflection of the metabolic component of the acid-base status. 21 Micro-methods for performing chemical analysis on less than 0.1 ml of blood are used in paediatric hospitals and acid-base determinations performed on arterialised capillary blood specimens show a close correlation with arterial blood. 22 There Anaesthesia and Intensive Care, Vol. 14, No. 4, November, 1986 Dextrose Milk Control  Total   fIJo   10   8  0  25  52  2  5  1  11  23  3  6  16  33  1  5  9  19   14  16  3 48* was a tendency to a mild metabolic acidosis in all four groups studied and no statistical differences were demonstrated between the groups. The pH varied inversely with age in the Poly-Joule Group (Figure 1) , but there was no such apparent correlation in the other groups. Scott and Inkster 23 showed a similar inverse relationship between age and pH in two groups of neonates presenting for surgery. In contrast to this, older children (from one year upwards) have been shown to have a positive correlation between age and pH. 3 We found no correlation between length of fast and pH in the Control Group which agrees with the observation made by Bevan and Burn 3 that administering carbohydrate feeds pre-operatively does not have a significant effect on the non-respiratory acidosis seen at the induction of anaesthesia.
A short period of fasting may increase the risk of pulmonary aspiration of acid gastric contents. One paediatric mortality survey attributed 26070 of anaesthetic deaths to aspiration of blood or vomitus. 24 The deleterious effect of inhaled acid on the alveolar epithelium is dependent upon the volume and acidity of the aspirated fluid. The critical values at which significant damage occurs is accepted as a volume of acid in excess of 0.4 mllkg, at a pH of less than 2.5. 25 . 27 Using these criteria, previous studies in children have shown that the risk from acid pulmonary aspiration varied from 30% to as high as 76%y-30 According to these criteria the patients in the Milk Group were those most at risk. This group had a higher residual volume in the stomach than the others at induction of anaesthesia. Although the number with a pH value of 2.5 or lower was similar in all groups, there was a significantly higher number in the Milk Group with both a high residual gastric volume and a low pH. The overall risk of acid aspiration in the Milk Group was 25OJo but in other groups it was 7OJo. However, in infants less than three months, 33OJo of the Milk Group were at risk from acid aspiration, compared with 8OJo in all other groups (Table 5 ). These results are nevertheless more favourable than studies quoted above.
The practice of 'on demand' feeding is widespread in infancy. This implies that the stomach is empty when the baby 'demands' his next feed. We have adopted this principle as a guide for timing the last pre-operative feed. Bevan and Burn 3 fasted children aged between five months and five years for three to four hours but did not examine the effects of this regimen on residual gastric contents apart from satisfying themselves that 'several' had empty stomachs at induction of anaesthesia. All other studies have fasted their children for longer periods of time (Table 1 ). There were 48 infants in this study who were fasted for less than four hours ( Table 6 ). Just more than half this group yielded no gastric aspirate. There was an incidence of 19OJo of infants who had both a gastric aspirate volume greater than 0.4 mllkg and a pH less than 2.5. However, five of the nine infants in this latter category were in the Milk Group. A further analysis to identify the infants who were fasted an even shorter period revealed ten infants who were fasted for 180 minutes or less. In 50OJo of this group no gastric contents could be aspirated and only one infant had the combination of a low pH and a significant gastric volume. While the numbers in this latter group are too small to draw any significant conclusions from, they do suggest that the shorter period of fasting does not appear to increase the risk any more than the longer fasting times. These results suggest that the practice of fasting infants according to their normal feeding patterns does not constitute a greater hazard of gastric acid aspiration if milk is avoided as the last pre-operative feed.
Estimation of gastric volume may not have been accurate by our methods, so the true risk of aspiration may be higher. However, in our clinical practice there has been no apparent problem of pulmonary aspiration of gastric contents. We thus have to question just what degree of significance should be ascribed to these results.
There was no incidence of hypoglycaemia in this study of infants aged less than twelve months despite long fasting times in the Control Group. We recommend that clear fluids be given three to four hours pre-operatively according to the infant's normal feeding pattern. There appears to be no advantage in giving a high calorie feed instead of 5OJo dextrose before surgery to avoid hypoglycaemia in infants. Blood sampling after an excitable episode such as induction of anaesthesia may give plasma glucose levels higher than the true fasting level. Further investigations are needed to determine the effect of pre-operative fasting in newborn and premature babies.
